. Variables of pressure and water flow rate at points ( , ), ( , ) и ( , ), at any instant t, respectively, to the gate valves, the tank and in the middle of the pipeline (point C), will be determined in two ways, the graphical method is the well-known Bergeron method, and the second is the analytical method of characteristics.
Introduction
The aim of this study is to analyze the pressure and flow rate variations of a horizontal pipe, connected upstream to tank point B, ( Fig. 1.) . These variations occur during a transient regime [1] and result from the excitation of a valve at point A ( Fig. 1) , located at the downstream end of this pipe, which is closed in three ways either instantaneously, sudden and slow mode, and gives rise to a transient flow regime along the pipe. The closing of the valve takes place according to a law which is a function of time t and a parameter γ: 1 , , that characterizes the shape of the variation in the obstruction of the section ω of the valve [2] . The degree of closing is a parameter η that changes from 0 down to 1 according to the state of the valve. For an initial time 0 , the degree of closing is equal to unity (η = 1), this means that the valve is completely open. Whereas for , the valve is closed and the parameter is equal to zero (η = 0). This is valid for the three cases: γ = 1.5, γ = 1, γ = 0.7 [2] . Nevertheless, in the time interval (0 t ), each case changes differently. For the first case having an exponent greater than unity (γ 1), the change of the closing degree leads to rapid decreasing sections at the beginning of opening but later at the end of closing the decrease of sections is slower. On the other hand, when (γ = 1), the degree of closing is linear having a shape of a straight line:
, with slope: -, this implies that the opening sections vary in the same way. Finally, the opposite occurs for the third case, whose exponent is less than unity (γ < 1), the variation of parameter η, increases rapidly at the end of the closure and slowly near the beginning of maneuver [3, 4] . The opening cross-sections of the valve in the time interval 0 t , for an exponent greater than unity γ = 1.5 are less than those in the case of a (γ = 1). The inverse occurs for the case of an exponent smaller than unity (γ = 0.7), where the aperture sections are much larger than the first two cases (γ = 1.5 and γ = 1), (Fig. 2) .
The variables at the points ( , , ) , at any moment in time t, that are located, respectively, at the valve, at the tank and at the middle of the pipe, will be determined using two methods. The first one is graphical and called Bergeron method where the variables are determined in the Q, H plan [5, 3] . The second one is analytical and called method of characteristics [6, 7] , in this method the variables are determined in the x, t plan [8] . These two methods are applied for the three parameters γ = 1.5, γ 1 and γ 0.7, with the same closing time, expressed as a phase 2 . We report on (Table 1) , the geometrical and cinematical data, the initial conditions of the studied pipe and also the results of the variation calculations of the valve closing degree η. The aim of this work is to determine the variables  ,  ,  , , and , at any moment in time [8] , using two methods in order to validate the calculation results and to study the influence of these three values of the parameter ( ) on the pressure and flow rate variables at the points A, B, C, for the same closing time say : 2θ. We also perform an analysis for the first case (γ = 1.5) that will be applied for four different closing times . = 0.25θ, θ, (sudden) and 2θ, 3θ (slow). All this in order to see the impact of the closing time on the variations of variables at points A, B, C. The characteristic curves for each considered time are expressed in term of phase that will be represented by the function (3):
. , , . . , ( fig. 3) . Exponents of the closing equation given by supplier: γ = 1.5, γ =1 and γ = 0.7, for each type of valve [2] . The complete opening condition of the valve is referred by the function ψ (3), at the initial time, before excitation, the curve of ψ must meet the tank characteristic at ordinateH , with respect to the pipe axis, and abscissa Q , this pressure load H is constant all the way of the valve closing operation and during the transient regime of water hammer effect for the three cases.
The flow rate through the valve at any point in time can be considered as a flow through an orifice and can be written as follows:
: Flow coefficient; : Instantaneous pipe cross section in time t ; : Pressure load, on top of the water column, in meters, exerted on valve in time t. Complete opening corresponds to permanent regime ( , ), the equation is:
The load is maintained at a constant level, with respect to the horizontal axis of the pipe. During the closing of the valve, in an instant of time t, the initial cross section decreases and becomes equal to . The speed in this time point t, decreases, which leads to a pressure variation equal to ∆H, with respect to the initial load . That is why the pressure becomes equal to: = +∆H. The variation of the flow rates in permanent and transient regimes leads to a proportionality coefficient η, which depends on valve closing degree, on the shape, on the cross section variation of the obstruction at time t and that depends also on the coefficient γ, that will be given by the supplier for. The cross section and the closing degree coefficient must be equal to unity: η = 1 at time: t = 0 and for a complete closing, the coefficient vanishes η = 0 at the time: t = . , that's why this coefficient must be within the interval 0 η 1. Then from (1) and (2) we have:
where : = ; η = . The results of , are reported on Table 2 . The closing is said to be instantaneous when .
0, it is said sudden (progressive) for : 0 , it is said slow when . The phase θ is the time necessary for a wave to perform, at the time of excitation (either accidently or willingly) a round trip and return to the valve [8] : θ = 2 ⁄ = 1.05 s.
Bergeron graphical method. In the case of a horizontal axis pipe which is positively oriented in the opposite direction to the flow and having a single characteristic connected upstream by a reservoir at point B, the load of which at this point, with respect to water plan, is constantly equal to =150 m H, downstream of this pipe and at its end there is a valve at point A, which is forced to close for 2.1 seconds, say of phases 2θ. Bergeron graphical method [5] , allows us to determine the evolution of the variables H,Q during the transient regime of the flow. For instance, at the point A: A . , A . , A . , A and A . , at the point B: B . , B . , B . , B and B . and at the point C: C . , C . , C . , C . et C . . The graphical Bergeron results are shown in Fig.  4 .
The variables ( , ) at t = θ : In order to determine the variables and at point A, of the transient regime of the flow, at time t = θ, one needs simultaneously two equations. The first one is the equation of the characteristic ψ (3). The second, is the equation of the negative characteristic of the Bergeron line with a negative slope: tgα = ⁄ , in the Q,H plan. For which the man of Bergeron [5] , moves at the propagation speed of forward wave (+a), according to the characteristic c+, in the (x, t) plan, starting from the point B at the time t = 0.5θ, in the positive direction of the flow in order to join the valve, at point A, at t = θ, whose closing degree at this moment is à 35.35% of full the section ω (Table  1) , for γ = 1.5. The flow regime at point B at t = 0.5θ remains permanent, because the backward wave lasts half a phase starting from the point A, to reach point B. The two equations can be written as follows. The first is represented by the function ψ : = √ . The second is the equation of Bergeron line with negative slope: The determination of these two variables is essentially based on the graphical Bergeron method (Fig.4) . The intersection of Bergeron line passing through the point B, being in the permanent regime, of coordinates ( , ), at time 0.5θ and with slope: tgα = ⁄ , with the function ψ . The intersection of the two functions determine the coordinates of these two variables , , in the H, Q plane, at t = θ. The same technique is used for the variables at any intermediate time .
, . . The variables . , . at t = 0.5θ : In order to determine these two variables, one needs the characteristic ψ . and the same negative characteristics of the Bergeron line, with negative slope tgα = ⁄ , in the Q, H plan, for which the man of Bergeron moves with the same forward propagation speed (+a), according to the characteristic , in the x, t plan, starting from point B at t = 0, in the forward direction of the flow to reach the valve, located at point A, at t = 0.5θ and whose closing degree at this point of time is à 64.95% of the full cross section ω (Table 1 ) , for γ = 1.5. The Bergeron straight line will pass through the point B at t = 0, whose flow regime, at this point of time, is still permanent (initial), respectively the abscissa and the ordinate ( , ). The intersection of these two characteristics determines the variables . , . in the Q,H plan at t = 0.5 θ. The variables , at t = θ : Knowing the flow regime at point A of the variables predetermined . , . , the man of Bergeron arriving to point A at time t = 0.5θ, must return back in a positive characteristic of Bergeron straight line, in the Q,H plan, and according to a negative characteristic C-, in the x, t plan backward. Its motion with a celerity that lasts half a phase to reach the point B at time t = . This line crosses the horizontal load plan with constant height H = , giving the variables , , the variable must be in the same plan and must be equal to (permanent regime). The values of these determined variables will be used as initial conditions to determine the flow regime in the point A at t =1.5 θ.
The variables . ,
. at time t = 1.5 θ : Knowing the flow regime at point A of predetermined variables , , located at the interse, when the the man of Bergeron arrives at point A at t = θ it returns back following a positive characteristic of the Bergeron line, in the Q,H plan according to a negative characteristic , in the x, t plan, with a celerity a that will last half a phase to arrive at point B at t = 1.5 θ, the intersection of this line with the invariable horizontal load plan with constant height H = , gives the variables . , . , the variable . must be on the same plan and thus equal to the initial load (permanent regime). The determined variables will be used as initial conditions in order to find the flow regime at point A at t = 2 θ. The procedure will be done for both points A and B at equidistant times separated by an interval equal to half a phase until the phenomenon repeats in an identical indefinite manner, due to the absence of pressure drops.
The obtained results are reported in table 3. The variables . , . at time t = 1.25 θ : To determine the variables in the middle of the pipe (point C), at time t =1.25θ we need two characteristics of Bergeron line and the two mans of Bergeron must move simultaneously the characteristics and in the (x, t) plan with celerity ∓a. The first moves backward whereas the second moves forward, having respectively positive and negative slopes tgα = ∓ ⁄ . The Bergeron lines starting simultaneously respectively from points A and B at t = θ, having a known and predetermined flow regime , , , , in order to arrive at point C at the same time t = 1.25θ, The intersection of these two lines determines the flow regime at point C, . , . , The equations of the two lines are:
The procedure is done for the set C, at equidistant successive time steps with time interval of quarter a phase until the phenomenon repeats in an identical indefinite manner, due to the absence of pressure drops. The graphical obtained results ( fig. 4 ), are reported in Table 4 . Analytical Method based on method of characteristics : the second method is called method of characteristics [9] , allows us to deduce the flow rate and pressure variations at different locations in the studied pipeline using formulas below and graphic interpretation [10, 11] in (fig.5 ). Say a total applied pressure, at point A, on t = θ, at the arrival of the reflection with to the valve whose closing degree at this moment is 35.35% of the full cross section (γ=1.5), the value of the pressure is 293.21 m, will be compared with the predetermined valued deduce from the graphical Bergeron method, that is 293.22 m, giving practically the same value.
The variables , at time t = θ: In order to determine this variables, we need two equations; the first one is the negative characteristic, having a starting point as point A at time t = 0.5θ, in this case, the propagating wave moves backward and arrives at point B at time t = θ, the second equation is the horizontal line corresponding to the pressure load which constantly equal to = 150 m, from (4), we can write :
. tgα * .
, so CM = . tgα * . , we get the following equation: (Table 6 ). The variations .
, . : In order to determine this variables, two negative and positive characteristics are necessary, respectively for which the first is the backward wave propagating against the positive flow having A as a starting point at t = 0.5θ, in the same time, the second is a forward wave, has B as starting point, and propagates with the flow; these two characteristic lines meets at point C and in the ( x, t) plan corresponding to time t = 0.75θ at this location. From (5) et (6) we can write, respectively the two positive and negative characteristic lines CP et CM as follows:
, so : Cp = . +tgα . , = . +tgα * . .
, from where : CM = .
tgα . ; by adding the above two equations we get the variables at point C [12, 13] . The results . , . are presented in (Table 7) . The remaining calculations for point C at time steps 0.25θ, 1.25θ, 1.75θ, 2.25θ, 2.75θ, 3.25θ and 3.75θ, using the two equations of the positive and negative characteristics. The intersection of the two lines , gives the variables at that point. This program is also used and exploited for a different closing times t = 0.25θ, θ, 2 θ and t = 3θ, for a case of γ = 1.5, because this last parameter gives efficient results of overpressure and depressure, with respect to the two parameters of γ = 1 and γ = 0.7, for the values of θ in [0; 9 θ]. The results are presented in the figures below. 
Conclusions
The results obtained by the two methods, Bergeron's graphical method and the numerical method called the characteristic method, are identical, which confirms the reliability and accuracy of the calculation results.
From the results of the numerical method (characteristic method), from the values of , for a closure time . = 2θ, we notice that in [0; 9 θ], that the results relative to the γ = 0.7, at the point A (valve), the overpressures and the depressure respectively are repeated in a periodic manner and indefinite due to the absence of loss of pressure; the maximum value equal to 290.7 m and a minimum value equal to 9.7 m. These values are remarkable and considerable compared with those resulting for γ = 1 ( 232.55 m and =67.45 m) and γ = 1.5 ( 212.73 m and =87.26m) which a repeat periodically. These pressure values for γ = 0.7 can then exceed the load-carrying capacity of the materials for the pipes with low resistance, which is why they can lead to the destruction of pipe construction following the process of this phenomenon of a water hammer; γ = 1.5 gives reliable results compared with the γ = 1 which results in the following relations:
(γ = 1.5) (γ = 1) (γ = 0.7) and 1.5 (γ = 1) (γ = 0.7) . From the following figures: (Figure 12 -17) , we make the following conclusions: For 0 , the maximum values of H max = 433 m are always given for valve (point A) and in the middle of the pipe (point C), this condition being considered as an sudden (progressive) closure. This value can also be obtained using the Zhukovsky formula. For , this closure is considered as a slow closing, the more closing time is long ) the more protection of hydraulic infrastructure equipment against the phenomenon of water hammer (pipes, valves, meters, check valves, ...).
Вплив вибору параметра γ на зміну тиску і витрати, при закритті засувки у кінці трубопроводу з безнапірним потоком 
